The long-chain n-3 fatty acid, DHA [22:6(n-3) ], is especially rich in the membrane phospholipids of the brain, retina, and spermatozoa (1) . Tissue DHA may be obtained directly from the diet or biosynthesized from alpha-linolenic acid [18:3(n-3) ]. Studies in rodents, monkeys, and human infants have demonstrated abnormalities in retinal function and visual capacity when the dietary supply of n-3 fatty acids is limited during development (2) (3) (4) (5) (6) (7) (8) (9) .
In a nonhuman primate model, we fed diets very low in alpha-linolenic acid to female monkeys during pregnancy and to their newborns for 2 y to induce combined prenatal and postnatal n-3 fatty acid deficiency. The functional consequences included slowed visual acuity development, abnormalities of the ERG, and increased fluid intake (5, 6, 10) , accompanied by substantial changes in fatty acid composition and in the phospholipid molecular species of the retina and cerebral cortex (11, 12) . In particular, levels of DHA were reduced by 80 -85% in comparison to mothers and infants fed relatively high levels of alpha-linolenic acid. DHA was largely replaced by an n-6 fatty acid, 22:5(n-6), such that the total proportion of polyunsaturated fatty acids in the retina and brain was maintained.
In the present study, we examined the importance of dietary n-3 fatty acids in nonhuman primates during intrauterine life. We previously demonstrated that an n-3 fatty acid-deficient maternal diet during pregnancy (prenatal deficiency) would substantially reduce levels of n-3 fatty acids in the blood and tissues of newborn infant monkeys (5, 6 ). Here we examined whether feeding an infant formula high in alpha-linolenic acid from birth would correct the biochemical n-3 fatty acid deficiency caused by deprivation of the mother during pregnancy, and whether the prenatal n-3 fatty acid deprivation resulted in watched their fixations and eye movements through a central peephole. The display seen by the infant consisted of a gray panel with two openings for the stimuli, which consisted of one high-contrast horizontal square-wave grating mounted on an 11 ϫ 11 cm card and an even gray card of the same space-averaged luminance. The right-left position of the striped card was randomized from trial to trial. At least 20 trials were presented for each of 5 or 6 spatial frequencies (stripe sizes) that bracketed the expected acuity threshold for a given age, with the different sizes presented in pseudorandom order. The observer, without knowing the position or size of the stripes, judged whether the infant looked to the right or left, and looks to the striped card were scored as correct. The percentage correct was plotted as a function of stripe size, and the acuity threshold was determined from this function as the highest frequency corresponding to 75% correct. Testing was completed over 2-4 d, with the final session on the day the infant reached 4, 8, or 12 wk of age, Ϯ2 d. Data are presented for 4 prenatally deficient infants and 12 control infants [5 tested during the same time period and 7 incorporated from earlier studies (6) to increase the sample size]. No difference in acuity thresholds was found between the earlier and concurrent control cohorts.
ERG. Full-field ERG were recorded at 3-4 mo of age from four prenatally deficient infants and five concurrent control infants. Pupils were maximally dilated with 1% cyclopentolate and 10% phenylephrine, the cornea was anesthetized with 1% proparacaine, and the animals were then anesthetized with i.v. thiamylal (25 mg/kg initial dose, supplemented as needed). Recordings were obtained from the right eye with custom Burian-Allen bipolar corneal contact lens electrodes designed for infant monkeys (Hansen Laboratory, Iowa City, IA); a ground electrode was placed on the scalp. Full-field stimulus flashes (10 s duration) produced by a Grass PS-22 photostimulator were diffused within a spherical dome. Flash intensities were presented in 0.6 log unit intensity steps over a 4.2 log unit range. The ERG signal was amplified at gain 10,000, passband 1-1000 Hz for light-adapted responses and gain 5000, passband 0.3-1000 Hz for dark-adapted responses.
Isolated responses were obtained from the cone and rod systems, which are responsible for day and night vision, respectively. Light-adapted responses, predominantly of the cone system, were isolated using 30 Hz flicker or single white flashes superimposed on a steady adapting background (intensity 80 cd-sec/m 2 ), both conditions that suppress the response of the rod system. For both types of cone system response, 100 waveforms were averaged at each stimulus intensity. Rod system-dominated responses were recorded after 30 min of dark adaptation. An ascending series of white flashes was presented at intensities from threshold to b-wave saturation, and 10 -20 responses were averaged at each stimulus setting. After at least 60 min of dark-adaptation, the speed of postflash recovery of the ERG response was examined by presenting trains of b-wave saturating flashes (1.6 cd-sec/m 2 ) at intervals from 0.5 to 30 s. For each stimulus condition, the amplitudes and implicit times (latencies to the peak) of the two major wave form components, the a-wave and b-wave, were determined. The earliest component, the a-wave, has a negative voltage with respect to the cornea and its leading edge reflects the hyperpolarization of the photoreceptors; its amplitude was measured from the preflash baseline to its lowest point. The later b-wave is cornea-positive and largely reflects activity of bipolar cells; its amplitude was measured, according to convention, from the negative a-wave peak, or from the preflash baseline if no clear a-wave was present. Postflash recovery was evaluated by expressing a-wave and b-wave amplitudes at the 0.5-10 s interflash intervals as a proportion of the maximal amplitude, which was measured at 20 -30 s intervals that allowed complete recovery of b-wave amplitude between flashes.
Blood and tissue collection. Serial blood samples were collected in EDTA from prenatally deficient and from control infants at 0, 4, 8, 24, and 36 wk and at termination. The samples at birth consisted of cord blood obtained at the time of cesarean section, and at other ages samples were obtained by femoral venipuncture. Samples were not successfully collected from all infants at all time points. For erythrocyte analyses, the number of samples from prenatally deficient infants was five at birth, four at 4 -36 wk, and three at termination. For control erythrocytes, the number of samples at each age were 3, 4, 4, 7, 9, and 4, respectively; samples from two additional controls were included at 24 wk and four at 36 wk. Plasma data were only available at birth and at termination, and the plasma data shown for six control infants at birth were previously reported (5) .
To evaluate the time course of brain repletion, biopsies of prefrontal cerebral cortex gray matter were obtained at 15-60 wk of age from the four prenatally n-3 fatty acid-deficient monkeys. A neurosurgeon or veterinary surgeon carried out the biopsies under thiamylal anesthesia (25 mg/kg) using sterile procedures, as previously described (14) . Small samples (15-30 mg) of prefrontal cortex gray matter were obtained through a small burrhole in the frontal bone. No behavioral or neurologic changes were noted after the biopsies. A total of three to four biopsies were obtained from each monkey, so that three to four samples were available for analysis at each time point. At 3 y, three of the monkeys were killed under deep pentobarbital anesthesia, and 
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PRENATAL N-3 FATTY ACID DEFICIENCY plasma, erythrocytes, prefrontal cerebral cortex gray matter, and neural retina were collected for analysis. For comparison, previously published data (6) are included for prefrontal cortex and retinal fatty acid composition from five soybean oil control monkeys at birth and from four soybean oil control monkeys at 2 y of age. No cerebral cortex biopsies were obtained from control infants.
Analysis of fatty acid composition. The methods of biochemical analysis were as reported previously (14) . Plasma lipids were extracted by the procedure of Bligh and Dyer (15) . Erythrocytes were washed three times with saline, and the lipids extracted by the procedure of Rose and Oklander (16) . Cerebral cortex and retina samples were extracted by the method of Folch (17) . Butylated hydroxytoluene (5 mg/100 mL) was added to all lipid extracts as an antioxidant.
The lipid extracts of plasma and erythrocytes were separated into four major lipid classes (phospholipids, FFA, triglycerides, and cholesteryl esters) by thin-layer chromatography on silica gel G plates (500 m, Analtech, Newark, DE) using hexane-chloroform-ethyl ether-acetic acid (80:10:10:1). PE and PS in the extracts of frontal cortex, and PE in the retinal extracts, were separated by a different thin-layer chromatography system, using precoated silica gel 60 plates (EM Science, Gibbstown, NJ) and methyl acetate:n-propanol:chloroform:methanol:0.25% KCl (25:25:25:10:9). The fatty acids in each lipid class or phospholipid class were transmethylated with boron trifluoride-methanol (18) . Methyl esters of fatty acids were analyzed by gas-liquid chromatography (14) on an instrument equipped with a hydrogen flame ionization detector (PerkinElmer Model 8500, Norwalk, CT) and a 30-meter SP-2330 fused silica capillary column (Supelco, Bellefonte, PA). Temperatures of the column, detector, and injection port were 195, 250, and 250°C, respectively. Helium was used as the carrier gas at an inlet pressure of 80 psi and a split ratio of 1:170. The retention time and area of each peak were measured by an HP-3390 integrator; no correction factors were applied to integrated peak areas. A mixture of fatty acid standards was run daily.
Statistics. Statistical evaluation of the effects of diet and time on tissue fatty acid composition was done by ANOVA (SigmaStat, Jandel Scientific, Costa Madre, CA), except as noted. Where data for a particular fatty acid failed tests of normality or equal variance, the ANOVA was performed on logtransformed data. Posthoc differences between individual means were tested by use of the appropriate t statistic (19) . The Bonferroni inequality (12, 20) was used to control the ␣ level, so that the reported p values represent an overall probability adjusted for multiple comparisons. For example, for a given outcome measure the exact p values for each pairwise comparison were calculated; these p values were then summed, starting from the lowest p value to the highest. The summation was stopped when the next p value would push the sum beyond 0.05. Within a given table, the highest such summation of p values for all of the outcome measures within a given logical grouping (e.g. PE fatty acids in Table 4 ) is given as the cutoff (which was never greater than 0.05). For a more detailed description of this procedure, see Ref. 12 . For effects of diet on visual acuity, visual acuity thresholds in cycles per degree of visual angle were subjected to log base 2 transformation and analyzed using GLM (SigmaStat), which adjusted for three missing values. For ERG parameters, repeated measures ANOVA (group ϫ intensity or interflash) were done using StatView (SAS Institute, Cary, NC), and Bonferroni-Dunn tests provided posthoc comparisons between groups at each intensity or interflash interval.
RESULTS
Fatty acid composition of plasma and erythrocytes. In prenatally n-3 fatty acid-deficient monkeys, low n-3 fatty acid levels were present at birth in blood and tissues. In plasma phospholipids (Table 2) , DHA was reduced by 85% and total n-3 fatty acids by 86% relative to control neonates from mothers fed the soybean oil diet. The n-6 fatty acid 22:5(n-6), the classic indicator of tissue n-3 fatty acid deficiency, increased to compensate partially for the decrease in DHA. In addition, changes were seen in saturated fatty acids, including an increase in plasma palmitic acid (16:0). These findings were essentially the same as those previously reported for another group of prenatally n-3 deficient newborn infants (5). After repletion from birth with the high-alpha-linolenic acid control diet, plasma total n-3 fatty acids and 22:5(n-6) returned to normal within 4 wk of birth [6.0 Ϯ 2.4% versus 6.1 Ϯ 1.2% (control), and 0.7 Ϯ 0.5% versus 0.9 Ϯ 0.6% (control), respectively; full composition data not shown]. After 3 y of n-3 fatty acid repletion, plasma n-3 and n-6 fatty acids in the prenatally deficient monkeys did not differ from the levels in control monkeys.
Erythrocyte fatty acids responded to the maternal n-3 fatty acid deficient diet in a less dramatic fashion, with reductions at birth of 45% in DHA, 80% in 22:5(n-3), and 51% in total n-3 fatty acids compared with controls ( Fig. 1, Table 3 ). The depleted DHA was replaced by the long-chain n-6 fatty acids 22:4(n-6) and 22:5(n-6). By 8 wk of age, total n-3 fatty acids in erythrocytes generally had recovered to control levels ( Fig.  1) , and by 12 wk 22:5(n-6) matched control values (0.8 Ϯ 0.4% versus 0.8 Ϯ 0.3). The drop in erythrocyte DHA shortly Table 2 . Fatty acid composition of plasma phospholipids from prenatally n-3 deficient monkeys at birth and after 2-3 y of repletion with a control diet (percentage of total fatty acids, mean Ϯ SD)
At birth At 2-3 y after birth in the control monkeys reflects the developmental pattern generally observed in both human and monkey infants fed soybean oil-containing infant formulas (5) in contrast to breast-fed infants who maintain their DHA levels after birth. Fatty acid composition of cerebral cortex and retina. In newborn n-3-deficient monkeys, the phospholipids of the prefrontal cerebral cortex and retina, normally highly enriched in DHA, had substantially reduced levels of DHA and other long-chain n-3 fatty acids. Table 4 illustrates values for PE and PS in prefrontal cortex, and Table 5 provides values for PE in the neural retina. In both tissues, the n-6 fatty acid 22:5(n-6) partially substituted for DHA.
After birth, recovery from n-3 fatty acid deficiency in the cerebral cortex was relatively rapid. Serial brain biopsies revealed that DHA levels in cortex PE had returned to control levels by 15 wk, the earliest time point sampled (Fig. 2 A) . In contrast, levels of 22:5(n-6) in cortex PE did not return to control values until 30 -45 wk of age (Fig. 2B) . The levels of DHA continued to increase gradually from 15 wk to 3 y, following the usual developmental pattern. After consuming the control diet for 3 y, these monkeys showed the same fatty acid profile as controls in both the PE and PS of the cerebral cortex. However, in the retinal PE, DHA remained 16% lower than in controls, total n-3 fatty acids were 14% lower, and 22:5(n-6) remained slightly elevated (Table 5) . Thus, although recovery in retinal PE was substantial, it remained incomplete.
Because repletion in both the erythrocytes and cerebral cortex was already complete by the time of the earliest cortex biopsy, we cannot compare the relative kinetics of repletion in these two tissues. However, we can calculate that the maximum possible time lag between repletion in the erythrocytes and repletion in the brain was 7 wk, i.e. 15 wk (age at the first biopsy, which showed full repletion in cortex) minus 8 wk (time of full repletion in erythrocytes). Similarly, for 22:5(n-6), the maximum time-lag was 22-37 wk, the difference between 8 wk and 30 -45 wk, when this fatty acid reached normal levels in the cortex.
Visual acuity. Visual acuity thresholds did not differ significantly over time between control monkey infants and those exposed to prenatal n-3 fatty acid deficiency but subsequently repleted (Fig. 3) . However, the small number of subjects did not provide sufficient power to detect a small difference. For comparison, previously published data from infants with combined prenatal and postnatal deficiency (6) are also shown in Figure 3 ; these infants had lower thresholds (i.e. poorer acuity) overall than either the control or repleted monkeys (p ϭ 0.033, between-diets posthoc test after two-way ANOVA, adjusted for multiple comparisons).
ERG. In contrast to the visual acuity results, some small differences were found in the ERG at 3-4 mo of age. For cone system responses, flashes on an adapting background evoked significantly smaller a-wave amplitudes in the repleted group than in the control group (Fig. 4A ) (p ϭ 0.022); posthoc analyses found significant differences (p Ͻ 0.02) at two of the four intensities. A-wave peak latencies (Fig. 4B) were also shorter in the repleted group (overall p ϭ 0.025; p Ͻ 0.02 at each of the three highest intensities). No differences were Table 3 . Fatty acid composition of erythrocytes from prenatally n-3 deficient monkeys at birth and after 2-3 y of repletion with a control diet (percentage of total fatty acids, mean Ϯ SD) Repletion of n-3 fatty acids (mean Ϯ SD) in erythrocytes of prenatally n-3 fatty acid-deficient monkeys fed a control diet for 3 y after birth. (Sample size for concurrent controls: n ϭ 3-9; sample size for repleted monkeys: n ϭ 3-5; see "Methods") Values at birth and termination are from Table 3 . *Different from age-matched control at p ϭ 0.042 (t test, adjusted for multiple comparisons).
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found in b-wave amplitudes or peak latencies, nor in any parameters of the ERG responses to flicker. For the darkadapted, rod system responses, there was a trend (p ϭ 0.054) toward smaller a-wave amplitudes in the repleted group (Fig.  5) . B-wave amplitudes and a-wave and b-wave peak latencies did not differ between the groups. Postflash recovery of both the a-wave and b-wave also showed no group differences (Fig.  6, A and B) . In comparison, highly significant differences in cone and rod a-wave amplitudes and in the speed of a-wave and b-wave recovery previously were found in 3-to 4-mo-old infants deficient in n-3 fatty acids both pre-and postnatally (6, 21) .
DISCUSSION
N-3 fatty acids have an important physiologic role in cell membranes of neural tissue (22) (23) (24) . The significant role of these fatty acids is supported both by indirect observations such as the high enrichment and selective retention of n-3 fatty acids in the brain and retina, and by direct experimental evidence showing behavioral and physiologic abnormalities in n-3 fatty acid deficient animals (4 -6,25) . Furthermore, several studies of formula-fed human term or preterm infants have demonstrated improved visual acuity or ERG parameters with Table 4 . The fatty acid composition of the phospholipid classes from frontal cortex of prenatally n-3 deficient monkeys at birth and after 2-3 y of repletion with a control diet (percentage of total fatty acids, mean Ϯ SD) Table 5 . Fatty acid composition of PE from the retina of prenatally n-3 deficient monkeys at birth and after 2-3 y of repletion with a control diet (percentage of total fatty acids, mean Ϯ SD)
higher dietary supply of alpha-linolenic acid or with the addition of preformed dietary DHA [reviewed in (8, 26) ]. We previously reported many biochemical and physiologic alterations in rhesus monkeys with n-3 fatty acid deficiency induced by a combination of maternal and postnatal diets low in alpha-linolenic acid. These alterations included impaired visual acuity development, electroretinographic changes, increased fluid consumption, and the presence of abnormal phospholipid molecular species in the brain and retina (5,6,10 -12,27) . A critical question regarding the long-term effects of n-3 fatty acid deficiency during development is the degree to which these effects are reversible. Rhesus monkeys with combined prenatal and postnatal n-3 fatty acid deficiency through 10 -24 mo of age failed to recover fully with respect to the most sensitive ERG parameters, including delayed b-wave implicit times (peak latencies) and recovery functions, even after subsequent repletion with a DHA-rich diet for 36 wk (14, 21) . Brain fatty acid composition, measured with frontal cortex biopsies, had completely normalized by 12 wk of repletion, and retinal DHA was normal at the time of termination at Ͼ40 wk. These findings suggested that n-3 fatty acid defi- Figure 2. (A) Repletion of DHA (mean Ϯ SD) in prefrontal cerebral cortex PE of prenatally n-3 fatty acid deficient monkeys fed a control diet for 3 y after birth. Data at 15-60 wk are from cortex biopsies of repleted monkeys only; data at birth and at termination are from Table 4 . *p Ͻ 0.001 vs 0 wk control (t test, adjusted for multiple comparisons). (B) Disappearance of 22:5(n-6) (mean Ϯ SD) in prefrontal cerebral cortex PE of prenatally n-3 fatty acid deficient monkeys fed a control diet for 3 y after birth. Data at 15-60 wk are from cortex biopsies of repleted monkeys only; data at birth and at termination are from Table 4 . *p ϭ 0.02 vs 0 wk control (t test, adjusted for multiple comparisons). Visual acuity thresholds (mean Ϯ SE) at 4, 8, and 12 wk of age in control infants (n ϭ 12) and those that were prenatally deficient in n-3 fatty acids but then repleted starting at birth (n ϭ 4). The values in cycles per degree of visual angle indicate the smallest stripe size that elicited a behavioral response on at least 75% of presentations. Shown for comparison are acuity thresholds for deficient infants with combined prenatal and postnatal deficiency (n ϭ 10, data from Ref. 6). Acuity in this deficient group was worse overall than in the control or repleted groups (p ϭ 0.033, between-diets posthoc test after two-way ANOVA, adjusted for multiple comparisons). Individual data points carrying different superscripts at a given time point are different at p Յ 0.023.
Control; ᭺ Deficient; Repleted. ciency at a critical stage in primate development may cause lasting functional alterations.
In the current work, we attempted to define further the window of vulnerability by beginning dietary reversal at birth of a deficiency induced in utero. At birth there was a marked biochemical n-3 fatty acid deficiency in blood and tissues, but n-3 fatty acid levels rose to control values in plasma by 4 wk of age, in erythrocytes by 8 wk, and in cerebral cortex within 15 wk after birth. In addition, the compensatory elevation in n-6 fatty acids, particularly 22:5(n-6), which partially replaced DHA, had dissipated by approximately the same time point in plasma but slightly more slowly in erythrocytes (by 12 wk) and in the cerebral cortex (by 30 -45 wk). However, in the retina there was a failure of the repletion diet to completely reverse the biochemical effects of the intrauterine n-3 fatty acid deficiency, such that both DHA and 22:5(n-6) levels incompletely recovered to control levels even after three years of the highalpha-linolenic acid repletion diet. With regard to functional effects of prenatal deficiency, no differences were detected in visual acuity development in the early postnatal months, but at 3-4 mo, ERG a-waves, which largely reflect photoreceptor activity, were significantly reduced for the cone system, and there was a similar but borderline effect for the rod system. Previous studies of combined prenatal and postnatal n-3 fatty acid deficiency at this age found significant differences in these ERG measures (21) as well as effects on other ERG parameters, including postflash recovery. However, it must be noted that the number of prenatally deficient subjects provided limited power to detect small differences.
A study by Birch et al. (28) found a similar reduction in rod a-wave amplitudes of preterm, very-low-birthweight human infants fed a low-alpha-linolenic acid corn oil-based infant formula. This study also found differences in rod b-wave amplitude, threshold and sensitivity. The ERG changes were present at 36 wk gestational age (near term) but were no longer present at 57 wk gestational age (4 mo post term). The period of limited n-3 fatty acid supply in these infants, equivalent to the third trimester of full-term gestation, corresponds approximately to mid-to late gestation in the rhesus monkey when our monkeys received an inadequate supply of n-3 fatty acids in utero. Malcolm et al. (29) found no significant effect of fish oil supplementation of pregnant mothers on the newborn infant ERG; however, infant cord blood DHA was correlated with sensitivity, but not amplitude, of the ERG b-wave.
It is of interest that the recovery of brain DHA appeared to be slower in these monkeys fed a repletion diet containing alpha-linolenic acid than in our earlier study, cited above, where n-3 fatty acid deficient monkeys were repleted with a diet containing high levels of fish oil rich in DHA (14) . The earlier study involved repletion later in life, at 10 -24 mo of age, so the two are not strictly comparable. Nevertheless, in the earlier study monkey cerebral cortex DHA levels rose to control values within 12 wk. Similarly, in the present study, erythrocytes still had not responded to the repletion diet at 4 wk, whereas fish oil produced substantial increases in erythrocyte DHA after 2 wk (14) . We previously also observed the superiority of dietary DHA over its 18-carbon dietary precursor, alpha-linolenic acid, in repletion studies in chicks (30) .
The synthesis of DHA from alpha-linolenic acid occurs slowly, and the feeding of alpha-linolenic acid in humans does not produce an appreciable increase in plasma or breast milk DHA (31) (32) (33) . Dietary alpha-linolenic acid was ultimately effective at reversing most of the biochemical deficiency in rhesus monkeys in the current long-term study. However, the present study does not directly address the question of whether preformed DHA in the repletion diet would have produced more rapid or complete reversal of the deficiency.
The picture in other animal models is variable, due to differences in methodology as well as species. For instance, Weisinger et al. (34) observed a complete return to normal of the ERG in guinea pigs fed an n-3 fatty acid-deficient diet after weaning followed by a 10-wk repletion period with a highalpha-linolenic acid diet. ERG recovery occurred despite the fact that retinal DHA did not completely rise to control values and 22:5(n-6) did not decay completely to control levels within this time. These results agree with our biochemical findings but stand in contrast to our earlier work in monkeys discussed above (21) , where the ERG effects of n-3 fatty acid deficiency were irreversible despite full recovery of tissue n-3 fatty acid levels after repletion with fish oil. However, the same investigators (35) found that perinatal n-3 fatty acid deficiency led to a significant increase in adult blood pressure despite repletion of young n-3 fatty acid deficient rats with a high-alpha linolenic acid diet from 9 wk of age onward.
Bourre et al. (36) found that brain levels of DHA were slow to reach normal levels when prenatally n-3 fatty acid deficient rats were switched to a repletion diet at 60 d of age. Ten weeks later, brain DHA had increased to only approximately 75% of control, although brain 22:5(n-6) decayed completely to control values within this time period. In contrast, the retina showed an opposite pattern, with 22:5(n-6) recovering more slowly than DHA, as in the current work with monkeys. However, the rat retina did eventually achieve control values for both DHA and 22:5(n-6). More recently, this group demonstrated incomplete reversal of abnormal behavior patterns in n-3 fatty acid deficient mice, correlating with incomplete recovery of DHA in the frontal cortex (37) . On the other hand, Moriguchi et al. (38) reported rapid repletion of rat brain DHA levels after only 8 wk using a DHA-supplemented diet, and Ikemoto et al. (39) noted a complete reversal of learning deficits when n-3 fatty acid deficient weanlings were repleted.
Rats and other small animals have limitations as models for human nutritional deficiencies. Nonhuman primates can provide a closer approximation to human metabolism and nutritional requirements, the timing of developmental processes, and critical anatomy. Not only is the primate brain highly developed, but the primate retina shares many unique characteristics with the human, including a central retina rich in cone photoreceptors and a specialized fovea responsible for high visual acuity.
Inasmuch as postnatal repletion of n-3 fatty acid deficient monkeys with a high alpha-linolenic acid diet apparently did not fully reverse the fatty acid compositional abnormalities seen in the retina at birth, it would seem prudent to suggest that pregnant human females not consume a diet deficient in n-3 fatty acids. Although a diet containing a variety of plant and 871 animal products would avoid potential n-3 fatty acid deficiency, certain human populations could inadvertently consume a diet with a high (n-6)/(n-3) ratio. For instance, by eliminating most animal products from the diet and deriving fat only from certain vegetable oils, such as corn, sunflower, safflower, or peanut oils, that have a very low proportion of alpha-linolenic acid and a high proportion of linoleic acid, the expectant mother could consume a diet similar to that of the rhesus monkeys who gave birth to n-3 fatty acid deficient infants in this study.
In summary, n-3 fatty acid deficiency limited to the prenatal period appeared to have no lasting effects on the fatty acid composition of most tissues in rhesus monkeys after three postnatal years on a control diet adequate in n-3 fatty acids. The possible important exception was the retina, where recovery from the initial deficiency was substantial but incomplete, both biochemically and functionally. Because of the observation of irreversible visual deficits in an earlier repletion study in rhesus monkeys (21) , and the documented effects on visual and mental development of dietary n-3 fatty acids in human infants (9, 28, 40, 41) we suggest that it is prudent to ensure an adequate intake of n-3 fatty acids during pregnancy as well as for the infant after birth.
